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G**nerfll fifscrlptlon of Ih* l_rttl<* Hfthot ''>yslpn 

r 

ri nie^Tcun sl7t four HF^rft?^ of frflfidom ^\x a^is mhot h^hTcli 
is controTTe*! by the Pnp-^f> c™^piitJ»r thrciuRhi ih^ F>rnjT:rrip^m) ns 
1 anj=:uaR** Ltso- Th^ rryh^t i ncluHi^s #1 ftlit forcfl fpeflb^c^^ cH^nnftls 
which when fnterprRteH hy thft POP-Ei an? rt^^d hy Ltsp ^s the 
sTgntd Forcfr nnF>llftrf tn fhe enfl of tfifr flni^flrs, Tbft 
fJrst sfx forces uri? the X^V anrf Z forces nnr] the torquE^;^ 
around ^,Y and Z . The other two forces are Che e*"' nf>ets and 
the vJce grlppftrs. The tbrF^e X^V itnfl 7 forf:i»s i=!nd thr^e torques 
art computed f ron sf « nimhcrs rpAd In frcjm sTk L^^iTj + Ts 
(Linear Uariahle DTf ffirentla ] Trflnsforwfjrs) errs^nseri thr^te 
1 1> Ehe vftrtlcfll and threp In thfl horf^ontsl pli^ne wFthln a 
strftsj? scrf*)n spring loflded wrists The E^io Is rflFirt In fi'on 
fl strain guan^ mounted on thfl stationary refprence finder* 
The rfrlativ*^ posTti^^p h^iiveen the motnr sh^ft 
end the vice shaft is detRrrftlned throuj^ti mpF^ns of twc^ 
potent iometers to neflsure the vice fori::e. The two shFifts 
are counl^d hy a '^prin^^ 

The force fcedhack ivrisf has a riynamFc ranf^e ^^ j^bout 
one pound an^ a resolution of about n*25 ounces with not nore 
than one oLjnce of hysteresis. The s^\p can nn^asurn one 
pOEtnd of Jtrfpninji force and the vicfr cfln measure ahout three 
pounds of Eripr>Fnis force* 



Thp rnhc>C hss lis six ft>s*5 spflt up lntf> fwrt n^rts * The 
first hrlf i:ort*^]sts of a nlnp j;4^LJArp incb nifltft wblcli rmv**5 
in t\vrt rfftrpenHicLjlAr HFrpcCf-ins for X cirnl ^^ The connut^r 
contr"oll#i] vTce Is nwLjntfjrl nn ihe pMt** in onfl corner. The 
otiitr half cnn-^lsf^ nf Cbf* Z fl;(M iyli)ch Is nounteil ovef 
thfi plate. Th*? 7. nxis hflnfis linwn over ihe plat*^ And ^as 
fl vertical irflvfll of f T ve tnches, nn the flnrf of the Z 
Axis Is mounted t^e stress -^trflin wrisit and on thfl enri of 
the itrlst Is mounrprf the hand whlc:h c^in rot4*te and srlp- 
IJntTl a hardware modi fttat Ton Fs made Pnly the center sfx 
of the pT ne sq^Jare Tntli wnr k*5pflce ran be u^ed, 

Th(^ fhr^e main aj^es f:f,V flpd 7> have a reT5olNtion 
of O.onj Inches apri a posTtlonSna repeatahMity of plus or 
n>lniJS D*n03 fnchft^i^ The X^Y plate (s ^Int And lev*^l with 
respect to the *^nd of the finders to lees thap O^Olfl Ipches* 
The robot can he positioned anywhi^re wtthin the sFx [>y six 
I nch work ^Np^ce in less than twenty seconds , 

The Lfttle Rohot Controller' F^ nounted on the rT^ht 
hand side of the lahle wh^rs thfi rohot 1 fv^s^ The pLexi^less 
paneL on the frr^nt of the controllRr h^S i^One ITsht*s^ si'ltcheiy 
and a whistle wFch soes ^'fpep" when the robot feels paln^ 
Th^ controller contains ^l x power ampl If f ers sn ttia 
computer cart control the spe^^d of eJ^ch motor asaoclateri with 
each of the sIr axes. It also contaFns approprtate intarfaclnc of 
si K h ifih rftfiolutl On potentiometers to measure the po^l t Ton of 
the sU axes, i^atcpfi tt p^>s^lble for the computer to 
servo to Che desired pftE^Ufona of all sIk axes^ 



a rtrffsrfirttifll anpllfirr flr* cnntA [nflfl withrn tlie f:nnrroller 

trt [nterfacfl the itrtst, rflf#rfrnce finder, snd tlif? vice forcp 

input- flisn ccmtatneH fn the cantrollfir nr^ ^oma 

elflctronrcs which nonltor ^M eight forcp?; felt hy the rfthrtt. 

rf jiny of chft forces exceeds the fhreshrtld of pflln, th? 

contrnllRr l5 tolrt to shut off aM ^l ^ motors flpH to start 

feepfjig the whistle, Recnuse of the slpipli^ i^tnrieri nature 

of this safety feature, the rohot cFinnot hack n^ay frorFr nflin 

and will fieC rt*;elf Icitcheii up merely hy ^^qiipe^lnE too h^nf wFth 

the srJp or vfce^ or by novins the nrm flown Into the* tahl?^, etc. 

Thts lalchtnE i^P firohlen* Fs someth in^ that thp cjser shouMn'l have 

to encounter hecau&e the program runnlnis in the PW-G 

contfllns a model oF pa 1 n whicli Is hotH ^wiire of tha 

latch up nrohlem and allows the robot to move ^w&y from pain. 

If thR robot Hoes get into this Iritchecl wp stotft It should 

he regarderl as a hug in Chq Little Robot System and 

ynu should turn off the ront^'cT leT"^ Py the ^^y^ the i^hlstle 

wMl stiM eontrrnje to feep s^ you mlj^ht aTso flip off the 

swi tch labeTeri "ALA'IM" before ft dr P vas ynLJ nnts . 



UsFna Thp Llftl*^ tffthn[ In lisp 

litart ih^. P:lP-^^ runnlnfi, then lyji*^f 

LfSPK 

fl=JlSLr>An MINDPTJ FA^L Cf>M) 

(OPFNMINI ) 

IGRTH CALB ^I) 

Sonfttlme^ LISP and th^ Cnnnl ler flr^ Tncomrflt 1 hlf*. 

In which case when you Ho the F^sLnJin, nsP wFIl type 

cue ^ wflrnloj; n?*s&af?p- Try HMftp, ^pH If that fefls 

then iry CURF^n MIWnPN >1 . 

nPENMIHI wJll rPturn NIL nfter the PHp-fi is Irte^rlpd 

flnd runnTn^. 

"^ALR" will h^crtrftf? serft when Cht caHhr^tTon is i1nn<;, 

no not type on the teletype or lean on or hump thfl table 

ivhile the r^hoE Is ealibrsting itsftlfJ If you *?hDuM dlsturh 

the i*oboC whrie ft 1^ calfbratinR Itself^ thftn rec-flllhratfl + 

Part of th* cflTLhratlnR sequenr:e consists of mapprnj^ the 

nil 11 force for all orientations cif th* hanri- Therefore^ 

humpins the arm whilf c^llihr^tlnE vM I can^e the rrthrtt to ffiftT a 

fihost force whenever Tt nnsses through that ^nm* 

orientattop. Th^ mhot csn fpfll hutlrtfnj^ t^f^no^s- 



rtefor^ yoLi flip the ™>tor s^-^rcJ^ to on fllway^i chfrck th** 
fol lowing: 
1) Cli^ck the ftvfi r^r] f>owE!r &L]F>i)ly If^ilJratnr hulhs 

l3l>l<^d +15 ^IS -10 +?l^ -?^ , ff any of thfii^ Tndlc:rttors are 

out, turnJne thn mitor swftch i^n cfln cniiAe Hnnfljje to the hflrjiwarfl* 
Zi Chffck the switch Inhlfrrf "AlA^n'^ anri nak* sstrR ft Js on* 

If when you fHp It on the aTftrm stflrls to fp^o, nr F^ny 
other tine the ftlarm starts f^pploE flfve un^ ^rtrt 

lei t^e know* Make sure to flip^ off th*^ ^^Iflrn swFtch anH 

the motor swT tch h^forp you fflave. 
^) Chi*ck and rvaks sure th^t ItSP has returned PIN. flft^r 
you have tyfjecf fOPENMrHIl or (RFOPF-HM I HI) * 
Flip th& nmtor s^iitnli on* Th^ InTtlal ^tafe of the 
Little Rohot variables are such that the am will 
a'ssume s position which Is centered over rhe table ai 
soort as th^ mf>tor Bt^ltch Is turned on^ 

Ther>ret Ual Ty, the Little Rrthot cflh not he 
damsEeH under nroBranr control, flut plftflse note 
the followrne; try not to apnW more than one or two 
pounds; of force to either the li^'^ he^ or thf> hand 
and wrist- Nhen setting up the Scene^ for ej<ample, ff your 
shirt sl^ev« were to get caujjht on part of the hanfl 
as you nulled your hand away, yon mij^ht snratn the robot*i=^ 
wrist, Remenher that the wrT^t I ft only supportlns the 
hand wFth four pieces of fl.rn fnoh piano wire. 
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L( SP Fuftctl ons 

SUTn - The Ll^P function Zr.V< t.^Kl MFnT) of twrt erRcjnpnts 
Js lifted en *?rt v^rlflhlfis^ For fi^anple^ 
[r^JJTrt XnES T*fl) w(|l inovfr the flrn tn ri nos^tlrtrt lhr^i=- 
inche*! tip thff X s>l(r* 

flETHF - The funclton GFTriF {r.T.J Hlrtl Flrtalln^ prtlnt) 
of one nr^unf^nt Is Hsed Eo re^d vnrlRbtF^ft^ 

For CKanpley If xn^S Is 3-il, (fJET^lF XPnS) 

r 

L 

fnlfihc return tht? v;>lue ?*^^1 n^antn^ 

that the potent lometer Is nefl5"rlnp: th^ X akIs to 

t6 hft 0*001 IrtitheS fr'ftrt Us rfeStlnatlon* 

fll-TM - ({^ET nini frKflri nolntl, Ti^re should be ti=iken to 
refld fji^ftrt point vartables with fiETM and floflting 
point varUblts with RETMF, 

WAIT -" Thf^ functton VJAlT of onfl urEumenl first traits for 

thff vftrlshlfls In th# PDP-Ei to hfrrone cons latent and 
then evaliiatns Its arRunent evf*ry thirtieth of a second 
and will sleep until fivaluatlng th*? arj^unent return? T, 



P^^e 7 



retEirrtfi rfifl vftlui? T when rhft first two i=!rj^ijmFfnts flr^ 
^qual lo wJthin tli^ tolflrflncp nf the third nr&UM*ntj 
olherwlsfr N3L^ Thft following F^^^imnlft will fTr^t s**t the 
FariTi'^ flnstlnfltlon to T.& fnf:hfis ;>i>ove tfit Eflhl ft 
and win nh^u sl#en until th^ ar^i actuflTly fifits to wtth'n 
Chr4=!« mils of 1-5 Inches nhovfl the tflhle, 

iMA\T '(SPf! (r?irTnF z[>f:s> (i^ftmf zposj n.nTS)) 

OPEWMIKI ' Type inpEP^IlNU to loflr^ 30^^ start the P[>P-I] rohoC 
pros rani* 

Ifl^OPRHMrHI - Typ>e (REOPENHIHI) to reloacl ^nrl start the PnP_fi 
profLTflm* 

CLOSfJtiNI - Type iCLOr;£MINU CO c^lose th^ f^nP-fi. 



P^^se R 



Thft I/O VflriflM^R 

You m^y ffn^ thfl list of varlahles to hp scw^wh^tt 
fflndom hRcaLJse of the flags cind tfie apparent 
refJunffance of snntft of thfl vivrl cTI>1«^s* Thf* fcllc^wloH list 
Is the SLJhset ftf fill the varlnhlfls whlcli shoulri most 
commonly he usfi^f* Vrtu may neftfl to usa sone ryf fhe other 
varl Abl AS If yoM refiul r^ tolflrflncftS "^lif ch 
ar^ close lo or sr^ limiteri hy the sn^^: T f est Fons 
ITsEed In t^ff hej5lnnli>E- 

Output varlahl&s (Abhrftvlfltefl -description^ 

CflLH - Wh€*n fiPt to *J runs CfllTJiratlon proj^ran* 
UPSET - Uhen set to -1 Tjesets tl>*j vflrTables^ 
XflBS-VDFS - Floating point r>est I n^t ion* 
XFnS-^fFnS " F)j<&d point Force rip^rfnairoTi- 
XFiiE-Vi;J!E " Uhfin sell ro fi*^rvofl Cft HFJ;. 
When set to -1 servos to FH!^^ 

(npul varlabfes (flbhrevlflte^i d^scripcTon) 

XPl^S-VPOS - Flnatlnj? point PosFtions, 

XFRS-UFfiS - Fl>:*fl point Forces. 

XT^^C-ZTiir - M;(eri pnJnt TorqiiPS. 

XDLT-vnLT - Flj<*d point Dflltas, 

I ppu t vd r r j^^ 1 es 



Tic Is (ncr^Dfttft^ pvery \/r^n s^C In the varFahlft 
upfJflt* lonp, 

Done 

XDLT The Deltas are fij^^d point nnrnhprs which ^f^ the 

''flLT rtlffftrRnces hfit^-^i^en the riestl nj^tl on^ and chfi 

ZHLT current positions Tn pot units- CPot units h^lng 

RnLT the numbers *:ent out ap^ rpfld In fron ^\y^ 

n[>LT fl/n and p/A nul tl pl^>Lor , ) 

vn LT . 



Pagp 1 



zpns 
npas 

VPOS 



flrp the <^nrrpnt nn^lETon': nf nhe fl»pp. as ■^^pn hy tlip 
nntennDn^flf'rs In unlt^ ftf fnchps frtr th*' l inpar 



YFn.'> *iTj*fii?r3 fnrcppi he I np flopl'*'? to fihf hanff, 

ZFRS Tlii^sp nunhpr^ are cprrer:t»*(f tn rpad (;ln5(^ to ^Tn 

PFI^S for all orJpntat ion^i rjf the hanrl. 

VFRS 



YTHC 

nine 
Vine 



The ToTTUPs arp flx"i^ noTnt nurnhpr? whirh are the 
nfl^nJtuH* (innl slj^n nf ?lie cprnne^ arininfl thp three 
fnrcF? ijJies^ For F?yanple Tf the hanr! w^is ratnt^np 
a mil fnr the purnns? of licre^ilnj! it on tn ^ hnft, 
ynu i^ouM g*t the Inmue hplns appl [p'f tn thp holt 
fronr ZTR^. 



XV LS 
VVLS 

BVLS 

WIS 



The ypl'^ct tip^i 
the veloi:! t i pg 



arp ffxpd no 
of the fljie?. 



nt nunhers Lvhich are 



IRFRS 
2PFR^ 

[|RFP5 
VHF!!G 



The Raw Fnrcps are fl<p'r noSnf mimher? rp^il in 
hy the A/n, Th<»y Tire thp forces niPA<:iired hy the 
sP^ L-'J.n.T'*^ In Chp isirlst. 



A/D r^nui fr™n strain HuaRe. 
A/P [noiJt frori iwit assemhly. 



IZFfiS 

5ZFRS 
(.ZFHS 
SZFRS 
fiZFR^ 

VZFRS 



Thp ^^proprf fnrcpi^ flre fijierf M'nr niimbers which ^r^ 
tilt* fnri^epi mensurpii hy the L-V.D.T'-i strain fiuagp and 
riots yjhfch are correcfed to read close to 
^pro for flll or Tentiit ions of the hjinrl^ 



P^a^e 11 



Rpprt^ 



Xhf Pitt Po^ltrnns sre fi^prl 
fron clip pnts hy th** A/n. 



nciint iKimh^rs rnflrt in 



VPPOS 



RALP Cfllh ■.hntilrl bp spt tff -J Pir^t lli I np gfter 

l-iadine and rtnpnrnfi t'lP Mctle Rnhnt Pfr 
the fturpn^R nf i:,t I 1 hrat The an^ z'^rn centprlps 
the for'te Innut^. Tjilh iwMl ht*coms zuro aj'.AFn 
rihun tlip c-il I hrat ion is cnmplet*'!. 



xprjfs 

VPDES 

zpnFs 

BPt>FS 

vpfirs 



the P^C unit f)p5Cin;iti 
i>i]M have e^fpr,t only 
Is iprn anrf fTLMD tC-a 



cp snecified In fT.fri nfilnt 
\f FPB fIJRO mode flflF,) 
Ihrate ncnte flas) Is ziro. 



HRAN 
VGAN 

iPnr; 

VPI^FJ 
ZFQH 
RFr.H 

VFGN 



The E-'fn'^ ■i'"^ ^fueri point nifrihurs wl>Jc:li rtetprrnfne 

tNe pnsicfon servo Bf^Tn only when FRF (Limn mnd# flag) 



Thp Fnrce <iaTn? ^r^ TiLprl pnlnt nunhers which 

H^tpr-minp chp ealri in linn mndn jinri atp 

only efFectlvf when FlfE (Linn rnirtf? "a^J F Pi -1 



XPPir 

yppE 

RFRI: 
UFRE 



I/hen FRR rFree) 
F & In 1 Imn moii*' 
fl 'l**s i rpcl fflrcs 



r^ SP.t to -1 the a»:l'^ 
nnfl the a>!l*i yjl II ^pr"o 



to 



YdES 
PHES 
vnES 



Thp r>i^?t r nat ion r^ sneclfipd in flnatlnjt 

noint In units nf Inchps for the linear ■jxes 

Find radians fnr the mtfltp a:<ls. "^FS Is eff<^cCTvp 

only Hhea F^LF fl.inp mnrie flaj^J fn ?efn 

and CI.Mri fCallhrat*! node flasl Fs -1, 



PflHp n 



vrLun 
7. r Lrin 

VCLMn 



(^=1"^? the 



f^Lnn Is rhp suff (x far 

ivhrith wh^n !;pt tn j.tcy (^=1"^? tne ^rm tn 
sprvn crj thp Pr>rE; fPol: unrt rip^llMElnnl 
;3n-f when r.mn in *et tt> -i rzpus''* th** jirn 
CO servo t^^ riFS CFloatlnK noint Dp^tlnatlonk 



XFno 

VFns 
VFDS 



whpn FRF iLimn nodp flae) i? -1- Fns F'.'set 
to fl flxp(f polnl niERbpr ':fiiisrniL thfl fl»Lis to 

mnvfl lj> such a ^i,^y so fsS to S^rvo thp forre 

to thp Fns, 



ARMON 



ftESFT 



Is n flag 

turns thp 
turns the 



which wlifln 
ami on and 

arm off. 



5»r to -1 Bnftwflrl ly 
whpi> pipt to ^pro 



Is a flag ivhich ivhen spt cfl -1 restores 
all thp rohot vflrlnhlps to thpir 
Tnltfal staKe. Rpspf win rptum to zpro 
vhen tlip rpset Is dfinn. 



EXAMPLES 

C^ETQ UP Ji.n) 
[5FTQ OPN l.^) 

<SfTM RFSRT -IJ 

fuAiT '(ZFROP rnETM irrsETjji 

(SFTrl IfriES 0) 

fWATT "f^RO CHETMF RPOS) nn.lf^SlJ 

(DFFIJN MElVEXn (X Y ::) 

tS^TH ZnFS QP) 

(V^ilT 'fSFT fRRTHF ^POE > UP O.nfl^n 

(SETT.l );DE5 X) 

fSETH YOES Y) 

(WJVri "(ArtD (SEfi (rJFTHF XPOS) KO.nDS) (SEO (CETMF VPQS) Y ft.rfOS))) 
(SFTH ZDES 7) 

<WAIT '(SRO fnETMF ZPOS) 2 ll.005)J 
NIL> 



Pflfie li 



(uaiT 'iSFrj inj;Tr.k rniT) n 7n> 

NIL) 

fn^FUW iiHr;rjrp o 
(siTTri r,nFS nPN) 

IGFTM flFfif 0> 

flMIT 'fSfJJfRFTT'l 1[>LT) 2t> 1 

NFLI 



